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Abstract  
Generally, water considers as the most important components in the development of an area, while 
groundwater considered as a major potable, agricultural and industrial source of water in many locations. 
Groundwater was once thought to be preserved from contamination by of rock and soil layers, which act as 
filters. Depending on eighty-six wells, the aquifer formed by Dibdibba and alluvial fan in the eastern and 
northeastern part of the area while only Dibdibba formation forming the aquifer in the west of the area. The 
aquifer was investigated during fieldwork where geographical position, elevations, static water levels, 
depths, thicknesses, maximum yields as well as water sampling have been carried out. Depending on 
hydrochemical properties, the studied area characterize by groundwater polluted with salinity while a small 
area located to the west was unpolluted zone. Physicochemical analysis of groundwater aquifer is brackish 
to saline water. Groundwater quality of aquifer not recommended to be used for human and irrigation 
purposes, even so the farmers used this water for irrigation and animal purposes depending on soil nature 
and plants. 
Keywords: Groundwater Pollution, Salinity, South of Iraq. 
1- Introduction:  
Water is essential for life and for all economic activities. It is used for domestic, industrial and 
agricultural purposes. Having sufficient water in sufficient quantity and quality contributes to maintaining 
health. The availability of water of good quality is essential to prevent diseases and to improve the quality 
of life. The use of water increased due to increasing in human population and activities [1]. Generally, 
water considers as the most important components in the development of an area, while groundwater 
considered as a major potable, agricultural and industrial source of water in many locations. In 2003, 
groundwater was estimated to have about 50% of the drinking water supply, 40% of the demand for 
industrial water, and 20% of the water used for irrigation. [2]. Groundwater is vulnerable to pollution where 
contaminants can enter groundwater from landfills and lakes used to store waste, chemical spills, 
underground storage tanks, and hazardous waste site management. Groundwater pollution also can result 
from a myriad of common practices, such as the use of fertilizers and pesticides; the disposal of human, 
animal and agricultural waste. [3] 
Globally, many researchers have conducted a study on the quality of groundwater and pollution 
sources affected by the industrial and natural process [4]. The risk of contamination of groundwater 
indicates that groundwater may be subject to unacceptable pollution due to human activities. This concept 
has been developed from the vulnerability of groundwater, which is therefore the most important part of the 
assessment of the risks of groundwater pollution [5, 6]. In general, groundwater quality depends on the 
composition of recharge water, water and soil interaction, soil and gas interaction, the rocks it encounters in 
the unsaturated area, the time of residence and finally reactions took place within the aquifer [7]. 
Studied area sited in the south of Iraq within Basrah governorate, bounded by latitudes (29 °45′-
30°45′) and longitudes (46°35′- 48°00′), figure -1.  
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The main objective of this research is an assessment and determine the chemical characterizations of 
Dibdibba aquifer depending on hydrogeological investigation carried out in the south of Iraq, where 
thousand of groundwater wells extracting water within the aquifer and used for live stocks and for irrigating 
salt-tolerant crops.  The area has arid to semiarid climate. The climatic data for the years (1950-2000) are as 
follows: the mean annual temperature is around 24; the mean annual relative humidity range from 50-55%; 
the dryness index ranges from 15-20; the mean annual amount of evaporation is 2500 mm; the mean annual 
rainfall around 150 mm [8]. 
The work plan in the studied area included the following items: 
1- Office work including preparing data and preliminary information of the area (wells stratigraphic 
columns, maps, literature reviews, scientific references, hydrogeological data bank ...).  
2- Field work including: 
- Inventory of water wells and measuring water levels in the wells as well as determine geographical 
positions and levels of eighty-six water points.   
- Water sampling of eighty-six wells during 2015. 
- Laboratory analysis of eighty-six water samples to measure physical and chemical components and 
variation of ionic concentrations. The chemical analysis was done in General Commission of 
Groundwater laboratories, Ministry of Water Resources. 
Previous Studies 
Several previous studies have been done within the region as mentioned below; generally, these 
studies were addressing local area of Safwan- Zubair except one: 
1- Hydraulic properties of Dibdibba sandstone using pumping tests data in large diameter wells [9]. 
2- Hydrogeology of Dibdibba aquifer in Safwan-Zubair area, south of Iraq [10]. 
3- Quaternary-Tertiary hydrogeologic boundary condition at Safwan-Zubair area, south of Iraq [11]. 
4- Hydrogeology of Safwan-Zubair area, south of Iraq [12]. 
5- Hydrogeology of Aquifers in the Western Desert - West and South of Euphrates River [13]. 
6- Management of Groundwater resources of Dibdibba sandy aquifer in Safwan - Zubair area, south of Iraq 
[14]. 
7- Hydrochemical classification of Groundwater in Safwan-Al-Zubair Area, south of Iraq [15]. 
8- Uranium in groundwater of the Al-Batin Alluvial Fan aquifer, south Iraq [16]. 
9- Groundwater Investigation in Iraqi Marshland Area [17]. 
2- Geological Setting: 
The map area lies within the Zubair tectonic sub zone, which is the southernmost part of the 
Mesopotamian Zone of Unstable Shelf. Its southwestern cover lies within the Salman Zone of the Stable 
Shelf. Most of the structures in the map area have no surface expression, however, Jabal Sanam consider 
the only visible structure in the area [18]. 
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Figure 1- Topographic and groundwater wells location map in studied area. 
1- Rock sequence of Jabal Sanam: represents by two units, the gypsum unit with (80) m. and Limestone 
unit of (18) m. thickness. 
2- Dibdibba Formation (Pliocene- Pleistocene): The surface exposures of formation do not exceed few 
meters (3.8m) characterized by pebbly, medium to coarse, sand and sandstones with calcareous cement. 
The rock types of the formation indicate fluvial origin. 
3- Quaternary Deposits (Pleistocene - Holocene):  
- Alluvial Fan of Wadi AL-Batin (Pleistocene): composed of gravelly sand and sandy gravels with 
maximum depth up to (10) m. 
- Estuarine Sabkha Deposits (Holocene): consist of silty clay produced by seaward prorogation of 
coastline 
- The Tidal flat Deposits (Holocene): The tidal flat extends from AL-Fao, in the east and westwards to 
Um-Qasr and then northwards along both sides of Khor Al-Zubair, consisting of gullies and channels 
(creeks). 
- Flood plain Deposits (Holocene): The Tigris and Euphrates flood plains represent the major depositional 
element of the Mesopotamian fluvial basin. These flood plains terminate inform of Lacustrine delta con-
stituting the northern and western margins of the marshes and lakes in southern part of Mesopotamian 
Plain.  
- Sheet run off Deposits (Holocene): These deposits often include Aeolian admixture and mud brought by 
tidal action. 
- Marsh and lake deposits (Holocene): consists of light greenish to bluish grey mud, rich in mollusc 
shells. 
- Aeolian Deposits (Holocene): consists of sandstone of fine to medium grains with fractions of clay and 
silt, figure (2) [18]. 
 
 
Journal of University of Babylon for Engineering Sciences, Vol. (27), No. (3): 2019. 
 
 16 
Baghdad
0 20 40 0 100 200 300
Sy
ri
a
Iran
Saudi Arabia
KmKm
Area of Study
Kuwait
International 
   border
River
Marsh Land
Shut A
larab R
iver
Hammar 
           Marsh
Basrah
Zubair
Safwan
   a
Q
   e
Q
  f
Q
  m
Q
  s
Q
  tf
Q
  af
Q
   a
Q
  s
Q
  m
Q
  m
Q
  m
Q
  tf
Q
   e
Q
   e
Q
  f
Q  f
Q
  f
Q
  af
Q
  af
Q
        d
Pli-Ple
        d
Pli-Ple
        d
Pli-Ple
        d
Pli-Ple
     d
Eoc
     d
Eoc
     d
Eoc
     d
Eoc
   j
H
Aeolian Deposits 
(undifferentiated)
Sheet run off Deposits
(Loose Sand)
Flood plain Deposits 
(Sand, Silt and Clay)
Marsh Deposits (Active and Dry) 
(Clay , silt and organic Mud)
Estuarine Sabkha Deposits 
(Silty mud with Salt)
Tidal  Flat Deposits 
(Mud)
Alluvial Fan Deposits 
(Sand and Gravels)
Dibdibba Formation
(Pebbly Sandstone)
Dammam Formation
(Dolometic , silicified limestone)
Jabal Sanam rocksequence
(Hurmuz series) (Limestone and Gypsum)
City and Twon
Well location
30 45
30 25
30 00
29 45
29 25
29 05
45 15            45 30             45 45             46 00                46 15           46 30             46 45              47 00               47 15           47 30               47 45            48 00
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2- Geological map of the area [17] modified by author. 
3- Materials: 
The materials used in this research were:  
1- Topographic and geological maps of area with different map scale. 
2- GPS device to determine wells locations and elevations as well as others hydrogeological properties. 
3- Stratigraphic sheets and hydrogeological data bank [19]. 
4- Grapher and Surfer programs demonstrating graphs and contour maps. 
Methodology: 
The geographical position, elevations, static water levels, depths, thicknesses, maximum yields as 
well as water sampling have been carried out during field work. Comparing the stratigraphic sheets of eight 
four inventoried drilled wells with water levels measured in these wells taking into consideration the 
geological setting and cross-section of studied area and all information obtained from several previous 
studies ; the aquifer was classified as unconfined of Dibdibba formation and alluvial fan deposits [13]. 
Hydrochemical properties of water samples such as pH, electric conductivity (EC), and major Cations and 
Anions were measured and analyzed by standard methods [20]. Mathematical programs (Surfer and 
Grapher) were used to demonstrate the obtained results in contouring maps of hydrogeological and 
hydrochemical properties. 
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4- Rustles and Discussion: 
1- Hydrogeological properties of aquifer: 
The geological map in figure (2) showed the exposed area of Dibddiba formation in southern part of 
Iraq with alluvial fan and others Quaternary deposits. The eighty six drilled wells inventoried during field 
work as shown in figure (1) indicating that Dibdibba formation and alluvial fan deposits forming the water 
bearing layer to the east and northeastern part of studied area, while only Dibdibba formation forming 
aquifer in the west and southwestern part [13,17]. Table (1) shows hydrogeological properties of the 
aquifer. 
Table 1- Statistical data shows Hydrogeological properties of aquifer. 
S
ta
ti
st
ic
s 
E
le
v
a
ti
o
n
 (
m
) 
S
ta
ti
c 
w
. 
le
v
el
 (
m
) 
W
a
te
r
 T
a
b
le
 
(m
.a
.s
.l
.)
 
D
y
n
a
m
ic
 w
a
te
r
 
le
v
el
 (
m
) 
T
o
ta
l 
d
ep
th
 (
m
) 
T
h
ic
k
n
es
s 
(m
) 
M
a
x
im
u
m
 y
ie
ld
 
(m
*
3
/d
a
y
) 
S
p
ec
. 
ca
p
a
ci
ty
 
(m
*
2
/d
a
y
) 
T
ra
n
sm
is
si
v
it
y
 
(m
*
2
/d
a
y
) 
Number of 
values 
86 84 84 82 85 83 85 81 81 
Minimum 4 2 -6 4 16 7.5 138 14 15 
Maximum 88 71 80.2 80 110 63 1683 990 658 
Mean 20.33 13.78 6.08 17.65 30.17 16.44 530.42 213.8 224.1 
Standard 
deviation 
15.22 10.77 11.84 12.82 14.62 6.39 206.08 147.7 134.6 
 
Based on previous studies, the aquifer classified as unconfined to semi-confined where a hard 
claystone layer called Jojab separate aquifer layers with different hydraulic conductivity values figure (3).  
The transmissivity of the aquifer was generally greater than (300 m2/d) and the saturated thickness of this 
layer extends from (15-20 m) and unsaturated zone was (4–130 m) [9,10,11,12]. The results obtained from 
this research were almost the same where transmissivity ranged between (15- 685 m2/day) and mean 
saturated thickness was (16.44 m). The aquifer investigated in this research depending on wells depth was 
not exceeding (110 m) which means the wells did not penetrate Jojab claystone. 
  
 
 
 
 
 
 
 
 
 
Figure 3- Prototype of aquifer system in the study area modified after [9,11]. 
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2- Hydrochemical properties of aquifer: 
2.1- Groundwater Chemistry: 
The statistical data of hydrochemical groundwater samples showed in table (2). The ranges of 
physicochemical parameters (PH, EC and TDS) represented as minimum and maximum were (6.9) to (8.9) 
and (1550) to (25799) µmhos/cm, (500) to (21688) mg/l respectively. These values indicate that 
groundwater is brackish to saline types where (TDS > 1000 mg/l) [21].  
Although the lithology of aquifer is continental depositional environments, the higher values of total 
dissolved solids (TDS) as a result of high concentration of anions and cations in groundwater,  caused by 
using irrigation water with high salinity continuously and widely to irrigate crops in the area. This 
recurrence process led to concentrate ions within porous media where irrigated water percolate and 
infiltrate deep to saturated zone with fertilizers used for agriculture. The arid to semiarid climate condition 
of the area is another reason to increasing salinity in groundwater as mean annual rainfall around (150 mm) 
wasn’t sufficient to enhance groundwater quality by groundwater recharge and dilution [17,22]. 
Table 2- Statistical data shows Hydrochemical properties of aquifer. 
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Standard 
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0.376 4648 3604 214 356 1053 1686 70.2 1199 22.9 8.86 
 
2.2- Distribution of Groundwater Salinity within area: 
Salinity as expressed in total dissolved salts (TDS) is the most important parameter in groundwater 
hydrochemical studies, where salinity of the groundwater changes by location and time within the 
hydrogeological basin and water depth in aquifer. The salinity is the first element in determining the 
validity of groundwater use for different purposes. The geological and topographical conditions play an 
important role in changing salinity values due to effects of geological formations exposures and quality of 
water recharge the aquifer affected by topography of the basin [23]. Depending on table (2), the 
groundwater salinity distribution within the area has been illustrated in figure (4) where salinity increased 
towards east and northeastern part of the area to reflect a regular increasing in salinity concentrations due to 
groundwater flow direction under pressure. This leads to increase reaction between rocks and groundwater 
and increasing salinity concentrations within the direction of flow.  
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Figure 4- Groundwater salinity distribution map of the aquifer. 
2.3- Groundwater Pollution: 
Groundwater quality data give an important clue to the lithological and mineralogical composition 
and some indications about the groundwater recharge, movement and storage. Much of the chemical 
behavior of groundwater is established within the soil and the unsaturated zone. This is a zone where there 
are rapid changes in water chemistry. Geochemical inputs which coming from the atmosphere, soil, and 
bedrock give rise to varying concentrations of different chemical elements and biological species [24]. 
Figure (5) shows groundwater pollution with salinity, where only a small part of western area is unpolluted 
zone. This zone reflects the recharge area of groundwater of Dibdibba aquifer where this formation exposed 
on surface as shown in figure (1). Even a small portion of rainfall recharges the aquifer in this area play an 
important role in reduction of salinity concentration. The groundwater polluted area of aquifer with salinity 
indicates the long distance of groundwater movement, reaction of water-bearing layers with groundwater 
and human activities by using fertilizers and pesticides.  
 
 
 
 
 
 
 
 
 
 
 
Figure 5- Map of groundwater pollution with salinity. 
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2.4- Groundwater Origin and Quality:  
Sulin classification was used to identify water origin and quality of groundwater in the area. Figure 
(5) shows the water origins and types of groundwater samples according to sulin classification [25], where 
continental origin and Na2SO4 water type were recorded for all samples while only (8) were marine origin 
and MgCl2 water types. The aquifer in the area as mentioned before represented by Dibdibba and alluvial 
fan of Wadi AL-Batin deposits with continental depositional environments as a typical condition of 
groundwater origin and type in this aquifer. The only (8) samples which represents marine origin caused by 
reaction and dissolution of chemical components of rock sequence of Jabal Sanam, which consists of 
gypsum and limestone with groundwater as it moved from recharge area towards discharge area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 - Origins and types of groundwater samples in study area. 
2.5- Groundwater Utilization: 
Table (3) shows groundwater utilization where only two wells can be used for drinking purposes, 
while only one well was useful for agriculture purposes. (30) Wells were useful for animal purposes and 
fifty-three wells were non-useful for any purposes due to High salinity concentration. However, the nature 
of the soil in the area and the depth of the groundwater qualified water for agricultural uses in significant 
and wide range due to Quaternary deposits which consists of gravelly sand and sandy gravels which holds 
only (20%) of the irrigation water and it is irrigated daily to maintain the nutrients needed by the cultivated 
plants which bears the highly concentrations of saline water while decreasing elevations helps in 
accelerating the drainage process [13,17]. 
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Table 3 - Groundwater Utilizations standards 
 
Conclusions  
1- Physicochemical analysis of groundwater aquifer in the area of study is brackish to saline 
water. 
2- The typical condition of continental origin and (Na2SO4) water type was recorded of 
groundwater in the area. 
3- Groundwater quality of aquifer not recommended to be used for human and irrigation 
purposes, even so the farmers used this water for irrigation and animal purposes depending on 
soil nature and plants. 
4- The area of study characterize by groundwater polluted with salinity while a small area located 
to the west was unpolluted zone. 
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